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Objective: To compare the effectiveness and efficiency of an initiation protocol for non-
invasive home mechanical ventilation (NIHMV) carried out at a pulmonary outpatient clinic
with the standard in-hospital model.
Methods: Prospective, observational study. Population: 16 patients divided into two
groups: (A) outpatient protocol ðn ¼ 9Þ; and (B) standard in-hospital initiation with an
elective admission ðn ¼ 7Þ. Instrumentation: at baseline condition and treatment starting,
arterial blood gases and nocturnal pulse-oximetry were performed. At the end of follow-
up, arterial blood gases and patient compliance (ventilator’s built-in counter) was
determined. Efficiency was evaluated by calculating cost savings per ventilated patient for
the financier and accumulated days of hospitalization saved.
Results: No differences in baseline conditions were observed. Ventilation was effective in
the two groups: a significant decrease in PaCO2 and an increase in mean nocturnal oxygen
saturation were observed after initiating ventilation. (Group A: PaCO2:42.971.5;
SpO2:91.971.9; Group B:PaCO2:44.376; SpO2:91.972.7). At three months the effective-
ness of ventilation and the number of hours of ventilation was equivalent in all groups. The
new model cut costs for the health care financier by 50%. The outpatient sessions saved 63
days of hospitalization.Elsevier Ltd. All rights reserved.
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M. Luja´n et al.1178Conclusions: (1) Outpatient initiation is an effective and efficient alternative to the
traditional in-hospital method for NIHMV. (2) The outpatient protocol represents a
substantial saving for the financier.
& 2006 Elsevier Ltd. All rights reserved.Introduction
Non-invasive home mechanical ventilation (NIHMV) is a
technique that has been in constant evolution since its
introduction in the eighties and rapid expansion in the
nineties. Both the number of indications and the number of
ventilated patients have increased substantially.1 In the vast
majority of centres where NIHMV is prescribed, the
initiation process takes place in hospital, either during a
scheduled stay or after an exacerbation of the underlying
pathology. Physicians decide the type of ventilation, the
model, and the interface that best meets the patient’s
needs, and the patient and/or their carers are instructed
how to use the ventilator. At the same time work-up is
initiated, usually based on sessions of 2 or 3 h with the
patient awake, until the patient reaches the level of the
tolerance needed to allow ventilation throughout the entire
night. Prior to discharge, the physician checks that the
respiratory insufficiency is reversed during the time the
patient uses the ventilator, usually at night. The nocturnal
recordings required in this process usually involve the use of
oximetry, though recently other methods have been
introduced such as transcutaneous CO2 monitoring
2 and
even the polysomnographic techniques commonly applied in
ventilated patients.3
In-hospital initiation has undoubted advantages, the
obvious one being the presence of a team of trained experts
able to resolve any medical or technical problems that may
arise. On the negative side, it occupies hospital beds
designated for acute care and also its accompanying costs
are high. The pressure on resources felt by many health
centres may delay initial admission and, what is more, many
patients may need to be rehospitalized to readjust ventila-
tion parameters.4 At our hospital, the pressure on resources
is high and space is at a premium. In this study we designed a
protocol aimed to test the effectiveness and efficiency of
outpatient initiation for NIHMV at a Day Hospital facility.
Material and methods
Study design and setting: A prospective, observational study
from November 2003 to June 2005 at a 750-bed University
Hospital with a reference area of 350,000 inhabitants.
Methodology: First, the indication for NIMV was deter-
mined on the basis of clinical criteria and the explorations
were performed at the outpatient unit before initiation.
Patients who were candidates for NIHMV were offered
initiation either in-hospital or in progressive sessions at a
Day Hospital. The sessions last at least 3 h and are usually
held on consecutive days. Outpatient initiation was offered
to all patients who were scheduled to receive NIHMV and
were clinically stable. In the final decision, the wishes of the
patients and their families were respected.Inclusion criteria for outpatient initiation: (1) Clinically
stable condition. (2) Residence in the urban area or within
easy reach. (3) Adequate family support or sufficient degree
of autonomy to allow daily attendance at hospital. (4)
Acceptance of the outpatient protocol.
Exclusion criteria for the evaluation of the protocol:
Patients were excluded if (1) Follow-up was less than three
months. (2) The initiation involved only a change of
ventilator. (3) Tracheostomy was used to achieve ventila-
tion. (4) Non-invasive ventilation was initiated during an
exacerbation of underlying respiratory disease.
Description of the protocol: the method of initiation was
the same in the outpatient setting and in-hospital. It
comprised: (1) first day: forced spirometry (MedGraphics
system 1070 Series 2E/1085) and arterial blood gases
(Radiometer Copenhagen, ABL 500 series), both in accor-
dance with the guidelines published by SEPAR (the Spanish
Society of Pulmonology and Thoracic Surgery) and taking as
reference values the figures reported for the Mediterranean
population5–7; (2) daily ventilation sessions of at least 2 or
3 h in order to increase tolerance of NIHMV and to train
patients or their carers in the basic handling of the
ventilator (Table 1); (3) one hour after NIHMV was initiated,
a blood gas analyses was performed to ensure the correction
of hypercapnia; (4) when patient tolerance was good enough
to permit ventilation throughout the night, conventional
nocturnal pulse oximetry (Pulsox-3i, Minolta) or polygraphy
(ResLink, ResMed) was performed with the patient venti-
lated, in both branches of the study. In the outpatient
protocol, the pulse oximetry was carried out at home. The
criteria for considering the initiation as complete were: (a)
Correction or improvement of the hypercapnia with me-
chanical ventilation. The assessment varied according to the
underlying pathology (PaCO2 below 50mmHg was considered
acceptable in patients with obesity-hypoventilation syn-
drome and COPD, and PaCO2 below 45mmHg, in patients
with neuromuscular (NMD) and chest wall disease). (b)
Nocturnal pulse oximetry with a mean nocturnal SpO2 above
90%, and less than 15% of the night with SpO2 below 88%. (c)
Nocturnal recording without signs of significant air leaks (d)
Good tolerance of the respirator during nocturnal sleep. (5)
Outpatient follow-up and reassessment of results (arterial
blood gases, reading of the hours of use of the ventilator)
after 3 months.
The evaluation of compliance at three months was based
on the reading on the ventilator’s built-in counter, reflecting
compliance since the previous reading taken approximately
1 month before.
Economic evaluation: The information on funding from
the Catalan National Health Service (CNHS) were obtained
from the financial services of the Parc Taulı´ Corporation
(CPT). At present, the financier (CNHS) pays the care
supplier (CPT) a pre-established fee for hospital ward
admissions. The fee, a flat rate regardless of the length of
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Table 1 Minimum skills to be acquired by patients or
their carers during initiation.
Placement and adjustment of the mask, without
significant leakage
Adequate handling and placement of the expiratory valve
Familiarity with the most important parts of the
ventilator
Familiarity with the main alarms on the ventilator
Adequate cleaning of the parts such as the filters, masks,
and tubings
Ability to react to problems related to ventilation
Table 2 Underlying pathologies in the different study
groups.
Outpatient initiation Inpatient initiation
N ¼ 9 N ¼ 7
NMD (4) Neuromuscular pathology (5)
Duchenne’s disease Morquio’s disease
Myotonic Muscular
Dystrophy
Cervical Myelopathy
Sequelae poliomyelitis Arnold-Chiari synd.
Camptocormia Sinding-Larsen synd.
ALS
Obesity-Hypoventilation
syndrome (3)
COPD (1)
COPD (1) post-TB sequelae (1)
post-TB sequelae (1)
NMD: Neuromuscular diseases. COPD: Chronic obstructive
pulmonary disease; ALS: Amyotrophic lateral sclerosis; TB:
Tuberculosis.
Table 3 Underlying conditions for which NIHMV was
indicated in the two groups.
Outpatients Inpatients p
N ¼ 9 N ¼ 7
PaCO2 (mmHg) 54.575.33 53.575.5 ns
PaO2 (mmHg) 58.977.2 58.377.3 ns
HCO3
 (mmol/l) 31.772.9 31.572.3 ns
CT90 (%) 69.7732.7 80.5723.6 ns
Mean nocturnal SpO2 (%) 82.675.2 81.176.4 ns
PaCO2: Carbon dioxide pressure in arterial blood; HCO3
:
Plasma bicarbonate; CT90: Percentage of nocturnal study
with oxyhaemoglobin saturation by pulse oximeter below
Non-invasive home mechanical ventilation 1179stay, covers hospitalization and examinations and at the
time of the study amounted to 1841:12h per discharge. For
each Day Hospital pneumology session the CNHS paid to the
CPT 156:14h. So the total cost of outpatient initiation for the
CNHS can be obtained by multiplying the cost per session by
the number of sessions (n) ð156:14h nÞ.
The opportunity cost of the outpatient protocol for the
population of the reference area of the CPT can be
calculated by dividing the number of days of admission
avoided by the mean stay in the pneumology ward during
the previous year (13.9 days). The result gives the number of
potential additional admissions for other patients thanks to
the increased availability of beds.
We assessed only direct costs, omitting indirect or
intangible ones, though we stress that no family members
of the subjects on the outpatient protocol gave up work in
order to attend the initiation sessions.
Statistical evaluation: The quantitative variables were
expressed in means7standard deviations. For the compar-
ison of the two groups, the non-paired Student’s t-test was
used, with a level of significance of po0:05. For the
intragroup effectiveness of the ventilation the Student’s t-
test for paired samples was used.90%; SpO2: Oxyhaemoglobin saturation by pulse oximeter.Results
Patients: Thirty-six patients were initiated during the study.
For the analysis of the protocol 20 were excluded: 10 with
initiation of NIHMV during an exacerbation, five with a
follow-up shorter than three months (three who refused
treatment once already initiated—two in the hospitalization
arm, one in the outpatient arm—and two who had not
completed the three-month follow-up at the time of
analysis); two patients in whom the session involved only a
change of ventilator or ventilation mode; and three patients
ventilated by tracheostomy. Thus, the analysis of the
protocol included 16 patients, nine managed as outpatients
and 7 as inpatients. The mean ages were 55.5717 years old
in ambulatory group and 58.5718 years old in inpatient
group ðp ¼ nsÞ. The pathologies in the groups are shown in
Table 2. The baseline conditions for which NIMV was
indicated are shown in Table 3. There were no significant
differences between both groups.
Initiation—ventilation modes and interfaces used: The
patients on the outpatient arm needed an average of
5.571.3 sessions to be able to use NIHMV satisfactorily.Those in the hospitalization arm needed an average of
771.1 days in hospital. Pressure-limited ventilation was
used in 11 of patients, and volume-limited ventilation in the
remaining five. Nasal mask was used as interface in all the
patients.
Effectiveness of ventilation after initiation: Figure 1A
and B shows the values of PaCO2 and mean nocturnal SpO2
once initiation was complete.
Follow-up after 3 months: As regards compliance, overall
compliance for the entire cohort was 6.671.2 h; outpatient
protocol group: 6.871; in-hospital protocol group: 6.671.3
ðp ¼ nsÞ. Effectiveness of ventilation: Figure 2A–C shows the
baseline values of PaCO2, PaO2 and plasma HCO3
 (prior to
ventilation) and after 3 months of follow-up.
Efficiency of the outpatient protocol: For the CNHS
the costs per patient are 1841h with in-hospital training
and 867h with outpatient training, a saving of 974h (53%)
per patient. With the new model, 63 days of hospital
admission were avoided and four extra admissions were
possible.
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Figure 1 (A) PaCO2 values at baseline and with ventilation, (B)
Mean nocturnal SpO2 values at baseline and with ventilation.
Compared with baseline values, a significant fall in PaCO2 and
an increase in mean nocturnal SpO2 were recorded with
ventilation in the two groups ðpo0:01Þ.
M. Luja´n et al.1180Discussion
The process of preparing patients for NIMV has received
little attention in the literature. The articles published to
date have focused principally on the results achieved in a
range of pathologies.8–11 Almost all the studies published
have initiated patients in the standard way during admission
to a pneumology ward. Some authors, however, have
explored alternatives such as preparation in a sleep
laboratory,12 or even in the patient’s home or at the
practice of the prescribing physician in the presence of an
expert from the supplier13 who supervises the initiation.
However, no studies have compared the efficacy and
effectiveness of different forms of initiation or the rates
of compliance achieved.
Our study is innovative in being the first to assess
the effectiveness and the efficiency of outpatient initiation
at a Day Hospital unit as an alternative to con-
ventional hospitalization. In our experience, the com-
parison of the two models shows that, with similar
baseline situations, the models do not produce significant
differences in terms of clinical effectiveness and patient
compliance. This means that initiation using re-
peated sessions at an outpatient pneumology unit is a viable
option.
Many studies in the literature have evaluated new
care models. The methodology involves a detailed explana-
tion of the situation and the options to the patients14,15
who then decide which arm of the study they would like to
join. In our study, the decision to join a particular treat-
ment group was made by the patient him/herself. This
aspect does not undermine the reliability of our results.P
a
O
2
 m
m
 H
g
70
60
50
Baseline 3-month follow-up
3-month follow-up
66.7±7.2
64.8±8
58.9±7.2
58.3±7.3 Inpatient
Outpatient
26.9±2.4
26.8±3.2
ollow-up. (B) PaO2 values at baseline and after three months’
three months’ follow-up. The comparison reveals significant
gh no differences were associated with the choice of protocol.
ARTICLE IN PRESS
Non-invasive home mechanical ventilation 1181Our aim was not to establish which of the models is
better, but to assess the viability of an alternative
model which patients are free to accept or refuse. Although
we have not found published references about ambu-
latory initiation protocols for NIHMV, in Sweeden, up to
15% of these patients are presently started as outpatients
(personal communication of Dr. Bengt Midgren; data
extracted from the Swedish Oxygen and Ventilator Register
(Swedevox)).
The data on compliance with NIMV reflected in the
studies vary widely and are probably influenced by the
underlying pathology and also possibly by the initiation
model applied. For instance, Strumpf et al.16 recorded
poor compliance with ventilation in up to 70% of patients
with COPD who ventilated after receiving minimal instruc-
tions at the health centre where the prescription was
made. Also in patients with COPD, but performing in-
hospital initiation, Meecham-Jones et al.17 recorded poor
compliance in only 22% of subjects. Other studies have
found values of poor compliance of between 11%
and 30%.4,8,9 For this reason, patients with COPD are
commonly considered ‘‘poor compliers’’ with NIHMV, prob-
ably to some extent due to the lack of clinical benefit
that most of them perceive. With regard to other pathol-
ogies, Nugent et al.10 reported lower compliance in a
series of patients with myotonic muscular dystrophy (around
6 h/night) than in a group of patients with sequelae
of poliomyelitis (compliance around 8 h/night). In our
series we found no differences between the groups,
probably because the distribution according to pathology
was similar: we can therefore assume that the model of
initiation used does not influence the patient’s level of
compliance. Moreover, in terms of effectiveness, no
differences were found between both groups after a
relatively short period of nocturnal ventilation. These
results are in agreement with the values reported by other
investigators.18
The efficiency of the new model is striking. The financier
(CNHS) makes a 50% saving on the direct costs generated in
the case of conventional initiation. Further, the fact that
beds are released for other patients represents a social
benefit, since our hospital has a level of occupation of 100%
and can thus provide care to a larger number of patients
needing hospital admission. Initiating NIHMV in the Day
Hospital will not divert resources from the care of other
patients at the outpatient service, because the number of
patients involved is relatively small and of course Day
Hospitals (like hospital emergency services) are much more
flexible than hospital wards which are limited by the number
of beds available. So in our reference area the new protocol
is a Paretian model in which all agents benefit and none
lose out.
In conclusion, the outpatient protocol for the initiation
of patients with stable chronic respiratory insufficiency
is a cost-effective alternative to conventional scheduled
hospitalization for patients who desire it. It provides
significant social benefits by releasing hospital beds for
use by other patients.19 Finally, this study also illustrates
that the most important issue is not where the initiation
takes place, but the motivation, experience and dedication
of the staff involved20 and the cooperation of patients and
carers.Acknowledgements
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